ABSTRACT Chromosome-specific painting probes and libraries were developed for chicken Macrochromosomes 1, 2, 3, and 4 by chromosome microisolation and microcloning. Fluorescent in situ hybridization results using the painting probes on normal chicken metaphase chromosomes indicated the purity and specificity of each probe. Chromosome-specific libraries for chicken Macrochromosomes 1, 2, 3, and 4 were prepared in a phage vector. Fifty-two additional unique microsatellite mark-
INTRODUCTION
Historically, chickens have been one of the most widely used experimental models for studies of genetic inheritance using classical linkage mapping. The most current published linkage map for chicken contains 1,889 markers that span approximately 3,800 cM of the chicken genome (Groenen et al., 2000) . The first five pairs of macrochromosomes (autosomes) and the Z-chromosome of chicken represent about 65% of the total genome. Hence, development of chromosome-specific libraries for the macrochromosomes will aid in the development of marker-saturated linkage maps for all those chromosomes. Utility of chromosome-specific libraries for marker saturation on specific chromosomes has been demonstrated in bovines (Ponce de Leó n et al., 1996; Sonstegard et al., 1997) and in swine Zhao et al., 1999) . The present study was undertaken to generate chromosomespecific libraries for Gallus domesticus autosomes (GDA) 1, 2, 3, and 4 for the development of microsatellite markers for linkage mapping of the East Lansing reference population. 1644 ers of the (AC) n type were developed from these chromosome-specific libraries. These markers were mapped on the East Lansing reference population to increase the marker density on the four macrochromosomes. Results of the current study suggest that development of markers from chromosome-specific libraries is very useful for constructing high-density linkage maps for chicken macrochromosomes.
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MATERIALS AND METHODS
Chromosome microisolation and microcloning were performed as described by Ambady et al. (1997) . The purity and specificity of the chromosome-specific DNA cocktail were determined by fluorescent in situ hybridization after labeling an aliquot of the DNA probe with biotin . Chromosome-specific DNA libraries were prepared in the Lambda ZAP Express vector, 3 amplified and stored in 7% dimethyl sulfoxide (DMSO) 4 at −70 C. For each library, clones were plated and screened using γ-32 P end-labeled adenine, cytosine (AC) 12 oligos. Positive clones were sequenced and primers were developed to generate chromosome-specific microsatellite markers. These markers were mapped on the East Lansing reference population (Crittenden et al., 1993) to develop a linkage map as described in Cheng et al. (1995) .
RESULTS
Chromosome painting probes were hybridized to chicken metaphase chromosomes. Each of the chromosome preparations showed specific hybridization to their respective chromosomes, as detected by the strong fluorescent signal spanning the entire length of the chromosomes (Figure 1 ). Each chromosome-specific DNA library Abbreviation Key: GDA = Gallus domesticus autosomes. represented at least threefold chromosome coverage. After DNA library screening, selected clones were sequenced and primers were designed to develop unique microsatellite markers. This work resulted in the development of 20, 13, 5, and 14 primer sets for chromosomes 1, 2, 3, and 4, respectively. Of these, 11, 6, 1, and 5 markers, for GDA 1, 2, 3, and 4, respectively, were mapped to the respective chromosomes of the East Lansing mapping population. However, one marker from the GDA 4 library (UMA 4.005) mapped to GDA 1. The linkage map positions of the markers developed from our chromosomespecific libraries can be viewed on the World Wide Web site (http://poultry.mph.msu.edu/resources/Conmap/ Chromosomesmain.htm). The primer sequences for all markers and polymorphism information for the mapped markers are presented in Table 1 .
DISCUSSION
Marker density on specific chromosomes can be increased by developing microsatellite markers from chro- In the present study, 52 marker sets were developed for four macrochromosomes from chromosome-specific libraries. Of these, 24 (46%) were polymorphic on the East Lansing mapping population and were used to enhance marker saturation of the respective chromosomes. One of the markers developed from the GDA 4 library (UMA 4.005) mapped to chromosome 1. This result may be an indication of a relatively small degree of contamination of the GDA 4 library from GDA 1 that might have occurred during chromosome microisolation. However, the chromosome-specific DNA is an excellent microsatellite marker resource to develop high-density chromosome maps.
The painting probes can be used to study gross chromosomal morphology in other species of domesticated and wild birds and also to look into the chromosomal repartitioning that has occurred through evolution across different avian species. The markers developed for the chicken can also be of great value for gene mapping studies in other commercially important birds such as turkey and ostriches.
